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PULSE LIGHT SOURCE, AND METHOD FOR
STABLY CONTROLLING PHASE
DIFFERENCE BETWEEN PULSE LASER
LIGHTS

FIELD OF THE INVENTION

The present invention relates to control of a repetition
frequency of a laser light pulse.

BACKGROUND ART

Conventionally, there are known devices that vary a differ-
ence 1n repetition frequency between two lasers by vertically
fluctuating a repetition frequency of a slave laser, while keep-
ing a repetition frequency of a master laser constant (see, for
example, Patent Document 1 (Patent Publication No.
4'786767)).

In this device, the slave laser includes a piezoelectric ele-
ment. The device 1s designed to add a component vertically
fluctuating (for example, a sinusoidal voltage) to a voltage
which 1s to be applied to a piezo driver for driving the piezo-
clectric element (see, for example, FIGS. 1 and 3 of Patent
Document 1).

SUMMARY OF INVENTION

However, even the application of the sinusoidal voltage to
the piezo driver does not always permit the repetition fre-
quency of the slave laser to exhibit a sine wave-like pattern.
For example, the repetition frequency of the slave laser varies
according to the displacement of the piezoelectric element.
The displacement of the piezoelectric element depends on the
temperature of the environment of the piezoelectric element
even under the same voltage applied to the piezoelectric ele-
ment. In some cases, the repetition frequency of the slave
laser does not exhibit the sine wave due to the change 1n
temperature of the environment of the piezoelectric element.

Accordingly, 1t 1s an object of the present invention to
precisely control a difference 1n repetition frequency between
two lasers.

According to the present mnvention, a pulse light source 1s
adapted to feed-back control a repetition frequency control
signal from a repetition frequency control signal source 1n
accordance with a phase difference between two pulse laser
lights.

According to the pulse light source of the present inven-
tion, lasers that output the two pulse laser lights may include:
a master laser that outputs a master laser light pulse whose
repetition frequency 1s controlled to a predetermined value;
and a slave laser that outputs a slave laser light pulse, wherein
the pulse light source includes: a phase difference detector
that detects a phase difference between an electric signal
having a frequency of the predetermined value, and an elec-
tric signal based on a light intensity of the slave laser light
pulse; a loop filter that removes a high-frequency wave com-
ponent of an output from the phase difference detector; an
adder that adds a repetition frequency control signal output
from the repetition frequency control signal source and hav-
ing a certain repetition cycle, to an output from the loop filter;
and a pulse phase difference detector that measures a pulse
phase difference which 1s a phase difference between the
master laser light pulse and the slave laser light pulse, wherein
the repetition frequency of the slave laser light pulse varies
depending on an output from the adder, and a magnitude of
the repetition frequency control signal 1s controlled such that
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2

the measured pulse phase difference matches with a target
value of the pulse phase difference.

According to the pulse light source of the present mnven-
tion, a resonator length of the slave laser may change depend-
ing on the output from the adder.

According to the pulse light source of the present mven-
tion, the slave laser may include a piezoelectric element, the
output of the adder 1s fed to the piezoelectric element, and the
resonator length of the slave laser changes by expansion and
contraction of the piezoelectric element.

According to the present invention, the pulse light source
may further include: a master-side phase difference detector
that detects a phase difference between an electric signal
having the frequency of the predetermined value, and an
clectric signal based on a light intensity of the master laser
light pulse; and a mater-side loop filter that removes a high-
frequency component of the output from the mater-side phase
difference detector, wherein a repetition frequency of the
master laser light pulse changes 1n accordance with an output
from the master-side loop filter.

According to the present invention, a method stably con-
trols a phase difference of a pulse laser light in a light sam-
pling device or a terahertz 1maging device.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a functional block diagram of the configura-
tion of a pulse light source 1 according to one embodiment of
the invention;

FIGS. 2(a), 2(b), 2(c), and 2(d) are diagrams showing an
output from the repetition frequency control signal source
238 (FIG. 2(a)), an output from the adder 235 (FIG. 2(b)), the
repetition frequency of the slave laser 212 when the ambient
temperature 1s constant (FI1G. 2(c¢)), and a virtual example of
the repetition frequency of the slave laser 212 when the ambi-
ent temperature changes (F1G. 2(d));

FIGS. 3(a), 3(b), 3(c), and 3(d) are diagrams showing an
output from the target value output section 240 (FIG. 3(a)), an
output from the phase comparator 306 (F1G. 3(5)), an output
from the repetition frequency control signal source 238 (FIG.
3(c)), and an output from the adder 235 (FIG. 3(d)), when the
ambient temperature changes;

FIGS. 4(a), 4(b), 4(c), and 4(d) are diagrams showing the
modified examples of the output from the repetition Ire-
quency control signal, FI1G. 4(a) showing the output from the
repetition Irequency control signal source 238, FIG. 4(b)
showing an output from the adder 2335, FIG. 4(c) showing the
repetition frequency from the slave laser 212 when the ambi-
ent temperature 1s constant, and FIG. 4(d) showing a virtual
example of the repetition frequency of the slave laser 212
when the ambient temperature changes (FI1G. 4(d));

FIGS. 5(a), 5(b), 3(c), and 5(d) are diagrams showing
modified examples of outputs of the repetition frequency
control signal, FIG. 5(a) showing an output from the target
value output section 240, FIG. 5(b) showing an output from
the phase comparator 306, FIG. 5(¢) showing an output from
the repetition frequency control signal source 238, and FIG.
5(d) showing an output from the adder 235, when the ambient
temperature changes; and

FIG. 6 1s a block diagram showing the configuration of the
measuring device using the THz light.

MODES FOR CARRYING OUT THE INVENTION

In the following, preferred embodiment of the present
invention will be described with reference to the accompany-
ing drawings.
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FIG. 1 shows a functional block diagram of the configura-
tion of a pulse light source 1 according to one embodiment of
the 1nvention.

The pulse light source 1 1n this embodiment of the inven-
tion includes a master laser 112, an optical coupler 114, a
photodiode 116, a reference electric signal source 121, a
phase comparator (master-side phase diflerence detector)
132, a loop filter (master-side loop filter) 134, a piezo driver
136, a slave laser 212, an optical coupler 214, a photodiode
216, a phase comparator (phase difference detector) 232, a
loop filter 234, an adder 235, a piezo driver 236, a repetition
frequency control signal source 238, a target value output
section 240, an error detector 242, bandpass filters 302 and
304, and a phase comparator (pulse phase difference detector)
306.

The pulse light source 1 feed-back controls the repetition
frequency control signal source 238 according to a phase
difference between two pulse laser lights (master laser light
pulse, and slave laser light pulse).

The master laser 112 outputs the master laser light pulse.
Note that the repetition frequency of the master laser light
pulse 1s controlled to a predetermined value. The predeter-
mined value 1s equal to the frequency (for example, 50 MHz)
ol a reference electric signal output from the reference elec-
tric signal source 121.

The master laser 112 has a piezoelectric element 112p. The
piezoelectric element 112p 1s adapted to be expanded and
contracted 1n the direction X (in the lateral direction of FIG.
1) by amplifying a voltage of output from the loop filter 134
by the piezo driver 136 and applying the amplified voltage to
the piezoelectric element. The expansion and contraction of
the piezoelectric element 112p 1n the direction X changes a
laser resonator length of the master laser 112. The change 1n
laser resonator length changes the repetition frequency of the
master laser light pulse.

The optical coupler 114 recerves a master laser light pulse
output from the master laser 112, and outputs the pulse to the
photodiode 116 and the outside, respectively, at a power ratio
of, for example, 1:9. Specifically, an optical power from the
master laser light pulse applied to the photodiode 116 1s 10%
of that from the master laser light pulse output from the
master laser 112.

The photodiode (master-side photoelectric conversion sec-
tion) 116 receives a master laser light pulse from the optical
coupler 114 to convert the master laser light pulse 1into an
clectric signal. The repetition frequency of the master laser
light pulse 1s controlled to 50 MHz.

The reference electric signal source 121 outputs a refer-
ence electric signal having a frequency of the predetermined
value (for example, 50 MHz).

The phase comparator (master-side phase difference detec-
tor) 132 detects and outputs a phase diflerence between an
output from the reference electric signal source 121 and an
output from the photodiode 116. Note that the output from the
photodiode 116 1s an electric signal based on the light inten-
sity of the master laser light pulse.

The loop filter (master-side loop filter) 134 removes a
high-frequency component from the output of the phase com-
parator 132.

The piezo driver 136 1s, for example, a power amplifier, and
amplifies the output from the loop filter 134. The output from
the piezo driver 136 1s fed to the piezoelectric element 112p.
In this way, the piezoelectric element 112p 1s expanded and
contracted in the direction X. Note that the piezoelectric
clement 112p 1s expanded and contracted such that the phase
difference detected by the phase comparator 132 becomes a
constant value (for example, 0 degree, 90 degrees, or —90
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degrees). Thus, the repetition frequency of the master laser
light pulse can be precisely matched with the frequency of the
reference electric signal (for example, S0 MHz).

-

T'he slave laser 212 outputs the slave laser light pulse.

-

T'he slave laser 212 has a piezoelectric element 212p. The
piezoelectric element 212p 1s adapted to be expanded and
contracted in the direction X (in the lateral direction of FIG.
1) by amplifying a voltage of output from the adder 235 by the
piezo driver 236 and applying the amplified voltage to the
piezoelectric element. The expansion and contraction of the
piezoelectric element 212p 1n the direction X changes a laser
resonator length of the slave laser 212. The change 1n laser
resonator length changes the repetition frequency of the slave
laser light pulse.

The optical coupler 214 1s substantially the same compo-
nent as the optical coupler 114, and recetrves a slave laser light
pulse output from the slave laser 212, and outputs the pulse to
the photodiode 216 and the outside, respectively, at a power
ratio of, for example, 1:9.

The photodiode (photoelectric conversion portion) 216 1s
substantially the same component as the photodiode 116. The
photodiode 216 receives a slave laser light pulse from the
optical coupler 214 and converts the slave laser light pulse
into an electric signal. The repetition frequency of the slave
laser light pulse 1s controlled to a value obtained by adding a

value corresponding to the repetition frequency control signal
to 50 MHz (frequency of the reference electric signal) (see
FIG. 2(c)).

The phase comparator (phase difference detector) 232 1s
substantially the same component as the phase comparator
132, and detects and outputs a phase diflerence between an
output from the reference electric signal source 121 and an
output from the photodiode 216. Note that the output from the
photodiode 216 1s an electric signal based on the light inten-
sity of the slave laser light pulse.

The loop filter 234 1s substantially the same component as
the loop filter 134, and removes a high-frequency component
from the output of the phase comparator 232.

The piezo driver 236 1s substantially the same component
as the piezo driver 136, and amplifies the output from the
adder 235. The output from the piezo driver 236 1s fed to the
piezoelectric element 212p. In this way, the piezoelectric
clement 212p 1s expanded and contracted in the direction X.
The piezoelectric element 212p 1s expanded and contracted
such that the phase difference detected by the phase compara-
tor 232 becomes a constant value ({or example, 0 degree, 90
degrees, or -90 degrees). Thus, the repetition frequency of the
slave laser light pulse can be matched with a value (around 50
MHz) obtained by adding a value corresponding to the rep-
ctition frequency control signal to 50 MHz (frequency of the
reference electric signal).

The adder 235 adds the repetition frequency control signal
to the output of the loop filter 234 to output the obtained
signal.

The repetition frequency control signal sources 238 1s, for
example, any wavelorm generator, and outputs the repetition
frequency control signal. The repetition frequency control
signal has a certain repetition cycle. When taking the time on
the lateral axis, the repetition frequency control signal can be
also considered to exhibit a sine wave (see FIG. 2(a)), or can
also be considered to repeatedly increase and decrease lin-
carly (see FIG. 4(a)). The repetition frequency control signal
1s a signal with a repetition frequency, for example, of about
250 Hz.

The bandpass filter 302 1s a filter that takes out a component
of the output at about 50 MHz (frequency of the reference
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clectric signal ) from the photodiode 116, or near a high-order
harmonic (100 MHz, 150 MHz, etc.) of 50 MHz.

The bandpass filter 304 1s a filter that takes out a component
of the output from the photodiode 216 at about 50 MHz
(frequency of the reference electric signal), or near a high-
order harmonic (100 MHz, 150 MHz, etc.) of 50 MHz.

The phase comparator (pulse phase difference detector)
306 detects and outputs a phase difference between the output
trom the bandpass filter 302 and the output from the bandpass
filter 304. The phase difference between the output from the
bandpass filter 302 and the output from the bandpass filter 304
1s a phase difference between the master laser light pulse and
the slave laser light pulse (pulse phase difference).

The target value output section 240 outputs a target value of
the pulse phase difference.

The error detector 242 detects a difference (an error)
between the target value of the pulse phase difference output
from the target value output section 240 and an output (imea-
sured pulse phase difference) from the phase comparator 306
to feed the difference to the repetition frequency control sig-
nal source 238.

The repetition frequency control signal source 238 controls
the magnitude of the repetition frequency control signal
based on the error detected by the error detector 242 such that
the output (measured pulse phase difference) (measured
value) from the phase comparator 306 1s matched with the
target value of the pulse phase difference. For example, when
the target value 1s larger than the measured value (that 1s,
when the error 1s negative), the repetition frequency control
signal 1s set larger. When the target value 1s smaller than the
measured value (that 1s, when the error 1s positive), the rep-
ctition frequency control signal 1s set smaller.

Next, the operation ol the embodiment 1n the present inven-
tion will be described below.

(1) Betfore Outputting of Repetition Frequency Control Sig-
nal

In this case, the operation of the pulse light source 1 1s
substantially the same as the normal PLL circuit. That 1s, the
repetition frequency of each of the master laser light pulse and
the slave laser light pulse 1s 50 MHz.

An operation for setting the repetition frequency of the
master laser light pulse to 50 MHz will be described below.
The same goes for the repetition frequency of the slave laser
light pulse.

The phase comparator 132 compares a phase of the output
from the photodiode 116 with that of the output from the
reference electric signal source 121 to detect a phase differ-
ence between both phases, thereby outputting the phase dii-
terence. The output from the phase comparator 132 has 1ts
high-frequency component removed by the loop filter 134,
and then amplified by the piezo driver 136 to be fed to the
piezoelectric element 112p. The piezoelectric element 112p
1s expanded and contracted such that the phase difference
detected by the phase comparator 132 becomes a constant
value (for example, 0 degree, 90 degrees, or —90 degrees). In
this way, the repetition frequency of the master laser light
pulse can be precisely matched with the frequency of the
reference electric signal, 50 MHz.

Suppose that no disturbance occurs after matching the
repetition frequency of each of the master laser light pulse and
the slave laser light pulse with a predetermined value 10 (=50
MHz), the repetition frequency of each of the master laser
light pulse and the slave laser light pulse can be kept to the
predetermined value, 1t the voltage applied to the piezoelec-
tric elements 112p and 212p 1s kept constant.

FIGS. 2(a), 2(b), 2(c), and 2(d) are diagrams showing an
output from the repetition frequency control signal source
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238 (FIG. 2(a)), an output from the adder 235 (FIG. 2(b)), the
repetition frequency of the slave laser 212 when the ambient
temperature 1s constant (FI1G. 2(c¢)), and a virtual example of
the repetition frequency of the slave laser 212 when the ambi-
ent temperature changes (F1G. 2(d)).

Referring to FIGS. 2(a) to 2(d), 1n a period of time from
time O to time 10, the repetition frequency of the slave laser
light pulse 1s kept at a predetermined value, 10, while keeping
the output from the adder 235 at V0 (see FIGS. 2(b) to 2(d)).
Likewise, in the period of time from the time O to t0, the
repetition frequency of the master laser light pulse 1s kept at
the predetermined value 10.

At the time t0, the output of the repetition frequency con-
trol signal 1s started.

(2) After Outputting of Repetition Frequency Control Signal
(when the Ambient Temperature 1s Constant)

Suppose that the repetition frequency control signal output
from the repetition frequency control signal source 238
exhibits, for example, a sine wave when the time 1s shown 1n
the lateral axis (see FIG. 2(a)).

Then, the output from the adder 235 vertically varies from
VO(see FI1G. 2(b)).

When the output from the adder 235 increases (decreases),
the voltage applied to the piezoelectric element 212p also
becomes higher (lower), causing the expansion (contraction)
of the piezoelectric element 212p. Here, when the piezoelec-
tric element 212p 1s expanded (contracted), the laser resona-
tor length of the slave laser 212 1s designed to be shorter
(longer). Then, the repetition frequency of the slave laser 212
1s 1increased (decreased).

Like the output from the adder 235, the repetition fre-
quency of the slave laser 212 also vertically varies (see FIG.
2(c)). The value of the repetition frequency of the slave laser
212 vertically varying corresponds to the repetition frequency
control signal.

On the other hand, the repetition frequency of the master
laser light pulse 1s not specifically varied.

That 1s, the repetition frequency of the slave laser 212 1s
vertically varied, while the repetition frequency of the master
laser 112 1s constant, which can vary a difference 1n repetition
frequency between the two lasers.

Note that the bandpass filter 302 takes out a component of
the output from the photodiode 116 at 50 MHz (frequency of
the reference electric signal), or near a high-order harmonic
(100 MHz, 150 MHz, etc.) of 50 MHz. The bandpass filter
304 takes out a component of the output from the photodiode
216 at 50 MHz ({requency of the reference electric signal), or
near a high-order harmonic (100 MHz, 150 MHz, etc.) of 50
MHz. The phase comparator 306 deteets and outputs a phase
difference (pulse phase difference) between the output from
the bandpass filter 302 and the output from the bandpass filter
304.

Taking into consideration changes in ambient temperature
as the disturbance, under the constant ambient temperature,
the pulse phase difference 1s 1identical to a target value with no
errors. That 1s, the output from the target value output section
240 1s 1dentical to the output from the phase comparator 306,
resulting 1n an output of zero (0) from the error detector 242.
The repetition frequency control signal source 238 has no
errors, and thus 1ts output 1s still the sine wave as 1t 1s.

(3) After Outputting of Repetition Frequency Control Signal
(when the Ambient Temperature Changes)

Note that when the ambient temperature changes, the pulse
phase difference 1s not 1dentical to the target value, causing
errors. This 1s based on the following reasons.

In general, the displacement of the piezoelectric element
changes depending on the ambient temperature of the piezo-
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clectric element even under the same voltage applied to the
piezoelectric element. For example, when the ambient tem-
perature of the piezoelectric element 1s high (low), the dis-
placement of the piezoelectric element becomes larger
(smaller). The repetition frequency of the slave laser light
pulse 1s determined by the magnitude of the displacement of
the piezoelectric element 212p, which further determines the
pulse phase difference. It the displacement of the piezoelec-
tric element 212p changes due to the changes in ambient
temperature, then the pulse phase difference varies. Thus,
when the ambient temperature changes, the pulse phase dii-
ference varies from the target value, and 1s not 1identical to the
target value, causing errors.

FIG. 2(d) 1s a diagram showing a virtual example of the
repetition frequency of the slave laser 212 when the ambient
temperature changes. The description as the “virtual
example™ 1s based on the assumption that the output from the
repetition frequency control signal source 238 has the form of
a sine wave as 1t 1s. Referring to FIG. 2(d), the repetition
frequency of the slave laser 212 1s represented by a curve with
a dotted line when the ambient temperature 1s constant.

Suppose that 1n the period of time from the times t0 to tl,
the ambient temperature 1s low, and after the time t1, the
ambient temperature 1s high. In this case, 1n the period of time
from the times t0 to t1, the variations in frequency becomes
small as compared to the case where the ambient temperature
1s constant. After the time t1, the vanations i1n frequency
become large as compared to the case where the ambient
temperature 1s constant.

The repetition frequency control signal source 238 changes
the magnitude of the repetition frequency control signal
based on the error detected by the error detector 242, causing,
the repetition frequency of the slave laser 212 to approach the
state shown 1n FIG. 2(c¢).

FIGS. 3(a), 3(b), 3(c), and 3(d) are diagrams showing an
output from the target value output section 240 (FI1G. 3(a)), an
output from the phase comparator 306 (FIG. 3(5)), an output
trom the repetition frequency control signal source 238 (FIG.
3(¢)), and an output from the adder 235 (FIG. 3(d)), when the
ambient temperature changes.

Referring to FIG. 3(a), the output from the target value
output section 240 exhibits a sine wave. When the repetition
frequency of the slave laser 212 1s shown 1n FIG. 2(¢) while
the repetition frequency of the master laser 112 1s constant,
the output from the target value output section 240 indicates
a phase diflerence between both laser pulse lights. Note that
the output from the phase comparator 306 1s one obtained by
replacing the phase difference by the voltage (for example,
the phase difference of 180 degrees 1s indicated as 1.8 V).
Together with this, the output from the target value output
section 240 1s also one obtained by replacing the phase dif-
terence by the voltage.

Referring to FI1G. 3(b), 1n the period of time from the times
t0 to t0, variations 1n frequency become small as compared to
the case where the ambient temperature 1s constant. Thus, 1in
the period of time from the times t0 to t1, the amplitude of the
output from the phase comparator 306 is smaller than that of
the output from the target value output section 240. After the
time t1, variations in frequency become large as compared to
the case where the ambient temperature 1s constant. Thus,
alter the time t1, the amplitude of the output from the phase
comparator 306 1s larger than that of the output from the target
value output section 240.

The error detector 242 detects a difference (an error)
between the target value of the pulse phase difference output
from the target value output section 240 and an output (mea-
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sured pulse phase difference) from the phase comparator 306
to feed the difference to the repetition frequency control sig-
nal source 238.

Retferring to FIG. 3(c), the repetition frequency control
signal source 238 controls the magnitude of the repetition
frequency control signal based on the error detected by the
error detector 242.

For example, when the target value 1s larger than the mea-
sured value (that 1s, when the error 1s negative), the repetition
frequency control signal 1s set larger. When the target value 1s
smaller than the measured value (that i1s, when the error 1s
positive), the repetition frequency control signal 1s set
smaller. Thus, the repetition frequency control signal source
238 increases the amplitude of the repetition frequency con-
trol signal 1n the period of time from the times t0 to t1, and
decreases the amplitude of the repetition frequency control
signal after the time t1.

Referring to FI1G. 3(d), the output from the adder 235 1s one
obtained by adding a voltage V0 to the voltage shown in FIG.
3(c).

In the period of time from the times t0 to t1, the ambient
temperature 1s low, which might decrease the amplitude of the
repetition frequency of the slave laser 212. However, by
increasing the amplitude of the repetition frequency control
signal, the amplitude of the repetition frequency of the slave
laser 212 can be increased to approach a repetition frequency
of the slave laser 212 that 1s obtained when the ambient
temperature 1s constant.

After the time t1, the ambient temperature 1s high, which
might increase the amplitude of the repetition frequency of
the slave laser 212. However, by decreasing the amplitude of
the repetition frequency control signal, the amplitude of the
repetition frequency of the slave laser 212 can be decreased to
approach the repetition frequency of the slave laser 212 that is
obtained when the ambient temperature 1s constant.

This embodiment of the present invention can maintain the
phase difference (further, a difference 1n frequency) between
the master laser pulse light and the slave laser pulse light to
the target value, even though disturbance (for example,
changes 1n ambient temperature) occurs.

Note that modified examples of an output of the repetition
frequency control signal will be described below.

FIGS. 4(a), 4(b), 4(c), and 4(d) are diagrams showing the
modified examples of the output from the repetition 1ire-
quency control signal, FI1G. 4(a) showing the output from the
repetition Irequency control signal source 238, FIG. 4(b)
showing an output from the adder 235, FIG. 4(c¢) showing the
repetition frequency from the slave laser 212 when the ambi-
ent temperature 1s constant, and FIG. 4(d) showing a virtual
example of the repetition frequency of the slave laser 212
when the ambient temperature changes (FI1G. 4(d)).

When taking the time 1n a lateral axis, the repetition fre-
quency control signal 1s considered to linearly increase and
decrease repeatedly (see FIG. 4(a)). In this case, the output
from the adder 235 (see FIG. 4(b)) and the repetition ire-
quency of the slave laser 212 (see FIGS. 4(c) and 4(d)) are
substantially the same as above.

FIGS. 5(a), 5(b), 3(c), and 5(d) are diagrams showing
modified examples of outputs of the repetition frequency
control signal, FIG. 5(a) showing an output from the target
value output section 240, FIG. 5(b) showing an output from
the phase comparator 306, FIG. 5(¢) showing an output from
the repetition frequency control signal source 238, and FIG.
5(d) showing an output from the adder 235, when the ambient
temperature changes.

The output from the target value output section 240 (see
FIG. 5(a)), the output from the phase comparator 306 (see
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FIG. 5(b)), the output from the repetition frequency control
signal source 238 (see FIG. 5(c¢)), and the output from the
adder 235 (see FIG. 5(d)) are also considered to linearly

increase and decrease repeatedly when taking the time 1n a
lateral axis.

Note that the pulse light source 1 can be used for a mea-
suring device (light sampling device) using a terahertz (THz)
light. FIG. 6 1s a block diagram showing the configuration of
the measuring device using the THz light. Such a measuring,

device includes the pulse light source 1, optical couplers 12
and 22, a THz light generator 14, a THz light detector 24, a
trigger generator 32, an I/'V amplifier 34, a PC (personal
computer) 36, and a data obtaining section 38.

For example, the master laser light pulse 1s fed to the THz
light generator 14 (for example, a photoconductive switch) to
generate the THz light, which 1s 1irradiated to an object 2 to be
measured. The THz light that penetrates through the object 2
to be measured or 1s reflected from the object 2 to be measured
1s fed to the THz light detector 24 (for example, a photocon-
ductive switch). By feeding the slave laser light pulse to the
THz light detector 24, the THz light can be detected. Since
there 1s a difference 1n repetition frequency between the mas-
ter laser light pulse and the slave laser light pulse, a plurality
of points of the wavelorm of the THz light penetrating
through or retlected by the object 2 to be measured can be
observed (taken as an optical sample). The THz light detector
24 detects the THz wave to output an electric current.

In order to sample the light, parts of the master laser light
pulse and the slave laser light pulse are branched from the
optical couplers 12 and 22 to be fed to the trigger generator
32. When receiving both the master laser light pulse and slave
laser light pulse, the trigger generator 32 outputs a trigger
signal. The I/'V amplifier 34 recetves an electric current from
the THz light detector 24, converts the electric current into a
voltage, and amplifies the voltage. The PC (personal com-
puter) 36 has a data obtaining section 38, and the data obtain-
ing section 38 obtains the output from the I/'V amplifier 34,
starting from the time when the trigger signal 1s recerved from
the trigger generator 32.

The result obtained by the data obtaining section 38 may be
displayed 1n the form of any image (by a terahertz imaging
device).

The mvention claimed 1s:

1. A pulse light source that 1s adapted to feed-back control
a repetition frequency control signal from a repetition fre-
quency control signal source in accordance with a phase
difference between two pulse laser lights, wherein lasers that
output the two pulse laser lights comprise:

a master laser that outputs a master laser light pulse whose
repetition frequency 1s controlled to a predetermined
value; and

a slave laser that outputs a slave laser light pulse, wherein

the pulse light source comprises:

a phase difference detector that detects a phase difference
between an electric signal having a frequency of the
predetermined value, and an electric signal based on a
light intensity of the slave laser light pulse;

a loop filter that removes a high-frequency wave compo-
nent of an output from the phase difference detector;
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an adder that adds a repetition frequency control signal
output from the repetition frequency control signal
source and having a certain repetition cycle, to an output
from the loop filter; and

a pulse phase difference detector that measures a pulse
phase difference which 1s a phase difference between the
master laser light pulse and the slave laser light pulse,
wherein

the repetition frequency of the slave laser light pulse varies
depending on an output from the adder, and
a magnitude of the repetition frequency control signal 1s
controlled such that the measured pulse phase difference
matches with a target value of the pulse phase difference.
2. The pulse light source according to claim 1, wherein a
resonator length of the slave laser changes depending on the
output from the adder.
3. The pulse light source according to claim 2, wherein the
slave laser includes a piezoelectric element,

the output of the adder 1s fed to the piezoelectric element,
and

the resonator length of the slave laser changes by expan-
sion and contraction of the piezoelectric element.

4. The pulse light source according to claim 1, further

comprising;

a master-side phase difference detector that detects a phase
difference between an electric signal having the fre-
quency of the predetermined value, and an electric sig-
nal based on a light intensity of the master laser light
pulse; and

a mater-side loop filter that removes a high-frequency com-
ponent of the output from the mater-side phase difier-
ence detector, wherein

a repetition Ifrequency of the master laser light pulse
changes 1n accordance with an output from the master-
side loop filter.

5. A method for feed-back controlling a repetition fre-
quency signal 1n accordance with a phase difference between
two pulse laser lights, the method comprising:

detecting a master laser light pulse whose repetition fre-
quency 1s controlled to a predetermined value;

detecting a slave laser light pulse;
detecting a phase difference between an electric signal
having a frequency of the predetermined value, and an
clectric signal based on a light intensity of the slave laser
light pulse;
removing a high-frequency wave component of an output
from the detected phase difference to provide a loop
filter output;
adding a repetition frequency control signal having a cer-
tain repetition cycle to the loop filter output; and
measuring a pulse phase difference which 1s a phase dii-
ference between the master laser light pulse and the
slave laser light pulse,
wherein
the repetition frequency of the slave laser light pulse
varies depending on the added repetition frequency
control signal and the loop filter output, and

a magnitude of the repetition frequency control signal 1s
controlled such that the measured pulse phase ditter-
ence matches with a target value of the pulse phase
difference.
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